Identification and localization of proteins are essential to elucidate their functions. Cyanobacteria possess two types of functionally distinct NAD(P)H dehydrogenases (NDH-1) (7) . One type of NDH-1 plays a major role in photosystem 1 cyclic electron flow, and the other type is essential for active CO 2 uptake. These NDH-1 complexes contain different types of NdhD and NdhF, but other subunits, including NdhB, NdhH, NdhJ, and NdhK, are present in both types of NDH-1 complexes. It has been considered that NDH-1 is present in the thylakoid membrane as well as in the cytoplasmic membrane, based on the result that the antibodies raised against NdhJ and NdhK detected these proteins in both types of membranes of Synechocystis sp. strain PCC 6803 (1, 9). However, there have been arguments about the purity of the membrane preparations used in these studies, and ambiguity about the location of NDH-1 remains (5, 6). Norling et al. have recently developed a new method of isolating highly purified cytoplasmic membrane and thylakoid membrane from Synechocystis sp. strain PCC 6803 by using aqueous polymer two-phase partitioning in combination with sucrose density gradient centrifugation (5) . We attempted in this study to determine the location of NDH-1 by using this new method of isolating the two types of membranes.
Cells were grown at 30°C in BG11 medium (10) buffered with 20 mM N-Tris(hydroxy-methyl)methyl-2-aminoethanesulfonic acid (TES)-KOH (pH 8.0) under air. The antibodies for NrtA (a subunit of an ABC-type nitrate transporter) and CP43 (a chlorophyll-binding protein) were kindly provided by T. Omata (Nagoya University) and M. Ikeuchi (Tokyo University), respectively. The antibody for NdhB was raised as described previously (8) . A fragment of ndhH (651 bp, nucleotides 1510407 to 1511058 on Cyanobase; http://www.kazusa.or .jp/cyano/) was synthesized by PCR with primers containing NdeI and BamHI sites at their proximal ends, and the product was ligated to the expression vector (pET-a) after digestion with the two endonucleases. NdhH (partial, 217 amino acids) formed inclusion bodies in Escherichia coli, which were isolated, solubilized with 5% sodium dodecyl sulfate (SDS), and electrophoresed by SDS-polyacrylamide gel electrophoresis (PAGE). A prominent band at 23 kDa was cut out from the gels and was mashed with a pestle and mortar to be injected into rabbits. The antibody thus prepared specifically bound to NdhH and hardly cross-reacted with other proteins. Highly purified preparations of the cytoplasmic and thylakoid membranes were prepared from Synechocystis sp. strain PCC 6803 cells as described by Norling et al. (5) . SDS-PAGE was performed with the system of Laemmli (4) . Polypeptides were electrotransferred to nitrocellulose membrane and were detected with the antibodies. Goat anti-rabbit immunoglobulin G conjugated to peroxidase was used as the second antibody and was detected with an Amersham ECL enhanced chemiluminescence kit. Figure 1A depicts the amounts of proteins in various fractions of thylakoid and cytoplasmic membranes after sucrose density gradient centrifugation of the upper and lower phases obtained by aqueous polymer two-phase partitioning. The separation of the thylakoid membrane (T1 to T7 in the right panel) was similar to that reported by Norling et al. (5) . Sucrose density gradient centrifugation of the upper phase, however, gave only two cytoplasmic membrane bands (C1 and C2) with a precipitate (C3) (the left panel in Fig. 1A) . We did not obtain light fractions, in contrast to their report (5) . Perhaps the different growth conditions affect the density of the cytoplasmic membrane. There appear to be some differences between the two laboratories in the composition of growth medium and the way to supply CO 2 to the cell suspension. We bubbled the cell suspension with air, whereas they shook the culture bottles.
The cross-contamination of the two types of membranes in various fractions shown in Fig. 1A was tested by using the antibodies raised against NrtA and CP43, the marker proteins of the cytoplasmic membrane and thylakoid membrane, respectively (5). Panel a in Fig. 1B shows immunoblots of the membrane fractions with the antibody against NrtA. As expected, the antibody bound strongly to NrtA at 43 kDa in the cytoplasmic membrane fractions (C1 and C2) and produced a band decreasing in intensity from strong in fraction T1 to weak in fraction T5, whereas this band was not visible in fractions T6 and T7. Thus, the fractions T4 to T7 contain highly purified thylakoid membrane with little contamination of the cytoplasmic membrane. The C3 precipitate did not contain protein detected by the antibody and appears to be the cell wall. The antibody against CP43 bound to this protein in all of the thylakoid membrane fractions (T1 to T7 in panel b, Fig. 1B ), but the band was not visible in the C2 fraction and was barely detectable in the C1 fraction. Thus, the C1 and C2 fractions contain highly purified cytoplasmic membrane. The antibodies raised against NdhH and NdhB recognized the proteins in the thylakoid membrane fractions (T1 to T7 for anti-NdhH and T5 for anti-NdhB), but not in the cytoplasmic membrane fractions (C1 and C2) (panels c and e in Fig. 1B ). To test the detection limit of the antibody against NdhH, Western analysis was done with the gel loaded with various amounts of the C2 and T5 fractions. The immunoblot shown in panel d indicated that the antibody detected NdhH in the thylakoid membrane containing 2 g of proteins, whereas no band was visible in the cytoplasmic membrane containing 15 g of proteins. This result indicates that the amount of NdhH in fraction C2 was less than 10% of the amount in fraction T5, when normalized to the total amount of proteins.
The major fraction of the cytoplasmic membrane (C2) showed the same density as one of the major fractions of the thylakoid membrane (T6) (Fig. 1A) . Thus, the two types of membranes of Synechocystis separated only by density gradient centrifugation are expected to have a significant cross-contamination, and the localization of proteins determined with such preparations would be meaningless. The present result obtained with highly purified membranes is consistent with the idea that NDH-1 is confined to the thylakoid membrane. The most important implication of this result is that we may be able to specify the site of a reaction or reactions involving NDH-1, such as electron transport, proton translocation, and active CO 2 uptake. Schemes showing the role of NDH-1 in these reactions have been presented based on the assumption that the enzyme is present in both cytoplasmic and thylakoid membranes (2, 3). However, the present results suggested that the site of NDH-1-dependent reactions is the thylakoid membrane. 
